Though the United States has educated enough students in science, technology, engineering, and mathematics (STEM) fields, thousands of jobs in industry remain vacant each year. Attrition in engineering industry is a persistent problem, threatening national goals related to technological advancement and global competitiveness. As a result, educational institutions are asked to consider practices that ensure both academic success in college, as well as post-graduation outcomes in the workforce. Using survey data from a National Science Foundation funded study, titled Project to Production: Conditions and Processes for Educating the Engineer of 2020 (P2P), this study investigated the relationships between several high impact curricular and co-curricular educational practices, such as undergraduate research and co-curricular design projects, and postgraduation retention in engineering. Results suggest that participation engineering clubs and professional societies might facilitate post-graduation career commitment in engineering. Moreover, results suggest gaps in opportunities in engineering for women persist even after graduation.
Introduction
Science and technology industry leaders, educators, and policymakers fear that the United States may soon lack, or is currently deficient in, the skilled labor force required to occupy high-paying, high-skilled jobs in the science, technology, engineering, and mathematics (STEM) workforce. 1 The problem, often dubbed the "STEM Crisis", has garnered considerable scholarly, financial, and human resources across the higher education enterprise, as well as an immense amount of federal financial support. The goal is simple: in order to meet national goals related to global competiveness and technological advancement, the United States must produce more graduates in STEM fields to meet industry workforce demands and address growing deficiencies in global competitiveness.
Given the national impetus for ensuring student success in and beyond college, policies and practices that promote retention and degree attainment, as well as post-graduation outcomes such as job placement and earnings, have received considerable scholarly attention. In 2008, the Association of American Colleges and Universities (AACU) released High Impact Educational Practices: What They Are, Who Has Access to Them, and Why They Matter, detailing a list of curricular, co-curricular, and pedagogical educational practices and experiences that were said to be "widely tested and shown to be beneficial for college students from many backgrounds." 7 In total, the AACU report listed 10 high impact practices (HIPs), including living-learning communities, collaborative assignments and projects, undergraduate research, service and community based learning, internships, and capstone projects, to name a few. These practices are said to be "high impact" because they facilitate engagement and improve retention in college.
Whereas research on the efficacy of HIPs in promoting retention and degree attainment in college is extensive, few have studied the value of these practices in promoting long-term, postgraduation outcomes, such as professional retention. 7 Thus, the purpose of this study was to investigate the relationship between participation in several high impact educational practices while in college and engineering students' professional trajectories after graduation in the specific context of the engineering industry, an industry that suffers considerable professional attrition. 3 This study was guided by the following research question:
Is there a relationship between engineering graduates' participation in high impact educational practices and their post-graduate retention in engineering industry?
Literature Review
In response to the need to produce more degrees in STEM fields, considerable financial and human resources have been used to establish and maintain educational policies and practices that promote student interest, retention, and graduation in STEM fields broadly, and engineering specifically. 2 These investments are made, in part, in response to what is known about HIPs, such as research experiences, living-learning communities, service learning, and other curricular and co-curricular activities.
Undergraduate Research
Scholars studying undergraduate research experiences broadly, and in engineering specifically, have repeatedly suggested that research experiences produce robust outcomes for student participants. For example, in a national survey of 1,135 undergraduate researchers from a wide range of academic fields, Lopatto found undergraduate research experiences promoted students' interests in science careers and further education (e.g., graduate education), as well as critical learning outcomes, such as understanding how scientists and engineers work on real-world problems. 8 Moreover, extensive research has connected research experiences to post-graduation outcomes, such as academic and professional interests, as well as career choices, suggesting that undergraduate researchers are likely to be retained in their majors and employed in a science related field after graduation.
Other researchers have investigated the perceived benefits of undergraduate research in engineering specifically. Zydney, Bennet, Shahid, and Bauer studied engineering alumni and compared the post-graduation perceptions of students who participated in undergraduate research to those who did not. 10 Undergraduate research participants were more likely to pursue advanced degrees, and reported significantly higher enhancement on academic skills, such as the ability to carry out research and the ability to understand scientific findings. 10 Perhaps most germane to the present study, Zydney et al. found that undergraduate research participants reported clearer career goals than those who did not participate in undergraduate research, indicating that this particular HIP may be related to post-graduation career outcomes. 10 
Engineering Internships
Another HIP, internship experiences, wherein students gain direct practical experiences in a professional workplace setting, has been shown to have an impact on students' post-graduate outcomes, such as retention in the field, earnings, and advancement. Internship experiences are particularly beneficial because, when well executed, they involve the development of practical skills, opportunities to apply those skills, and the acquisition of knowledge regarding when and how to apply skills, which are critical to developing expertise. 7, [11] [12] Furthermore, internship experiences provide students with professional mentors, supervisors, and coaches who are able to facilitate the development of professional expertise. 7, 11 In engineering education literature, research on internship experiences is scarce given that such experiences are not often facilitated by institutional agents or units, rather they are facilitated by agents in industry. Still educational research provides some insights into the benefits of internship experiences, since research experiences (discussed in the previous section) are often conflated with internship experiences broadly. Thus, outcomes related to internship experiences in engineering are similar, if not all the same, to those associated with research experiences. For example, Brooks, Cornelius, Greenfield, and Joseph found that internship experiences might help students clarify their "vocationally relevant self-concept." 13 
Service-and Community-Based Learning
A powerfully efficacious learning opportunity lies in experiences wherein students apply curricular learning to solving real-world problems to meet community needs. Service-and community-based (SCB) learning experiences, often facilitated by institutional agents or community organizations, are designed to create such opportunities. 7 Research on SCB learning experiences in higher education broadly, and engineering specifically, is extensive. For example, literature suggests SCB learning opportunities in STEM contexts positively impact students' academic motivation, non-academic competencies, and commitment to STEM disciplines. 14 Other scholars argue that service learning opportunities enhance students' engagement through, and well beyond, the college experience.
al. found that SCB learning experiences promote students' ability to (a) design systems to meet real-world needs, (b) perform on multi-disciplinary teams, and (c) communicate their work effectively. 16 Other studies of service-learning experiences in engineering suggest participants develop a greater sense of social responsibility, and become more aware of the role of engineering in social contexts, including how engineering can benefit people in need. 17, 18 In conclusion, while research on these high-impact educational practices is extensive, most have focused on student outcomes (e.g., college retention, graduation) or post-graduation intentions, rather than post-graduation outcomes. Those studies that explicitly study post-graduation outcomes tend to study these HIPs independently (e.g., research as a predictor of graduate school attendance), rather than as a single part of a broader student experience. The purpose of this study is to fill this gap by studying high-impact practices, along with educational outcomes, to understand post-graduation career trajectories.
Theoretical Framework
Astin's theory of student involvement provided the theoretical framework for the present study. Astin defined involvement as the amount of physical, emotional, and psychological energy a student devoted to the academic and social collegiate experience. 19 Highly involved students, for example, are those who engage in various academic tasks (e.g., studying, attending faculty office hours, joining academic societies) and are highly engaged in student organizations.
Three important tenets of Astin's involvement theory were critical in the theoretical framing and methodological choices herein. First, Astin posited that involvement could be measured quantitatively, suggesting that the amount of time a student invested in particular activities was, in part, a measure of the student's involvement. Further, Astin suggested that the learning and development associated with participation in a particular academic or social program is directly related to students' involvement in the program. Finally, involvement theory depicts time as a valuable resource to students, suggesting that activities wherein students must expend the resource of time reflect, to some degree, students' priorities, interests, and long-and short-term goals. Educators, Astin posited, are "competing with other forces in the student's life for a share of that finite time and energy," which are directly related to "the extent to which students can achieve particular developmental goals" (e.g., increasing knowledge and understanding). 19 Taken collectively, Astin's theory suggests relationships between and among students' behaviors, activities, interests, and goals. 19 Thus, the present study was informed by two implicit conceptual assumptions that guided the methodological decisions, as well as the interpretation of the findings. The first assumption was that individual student decisions regarding whether or not to participate in a particular co-curricular activity (e.g., research, co-curricular design projects) represents some degree of interest in the activity, as well as the academic domain of the activity (i.e., engineering). The second assumption, which is more directly related to long-term outcomes, was that prolonged participation in particular co-curricular activities represented some degree of commitment to the activity, and thus, to the domain in which the activity exists (i.e., engineering).
These assumptions were not without theoretical and empirical foundations. Indeed, the literature on student involvement and related constructs, such as student engagement, has consistently made connections between the nature of student involvement and student interests, goals, and short-and long-term, post graduation outcomes. For example, Kuh argued that "engaging in educationally productive activities also builds the foundation of skills and dispositions people need to live a productive, satisfying life after college." 20 Sasone posited that initial task and goal interests and choices often inform students' involvement and engagement decisions. 21, 22 Moreover, Sasone and Thoman suggested that sustaining interest and motivation is often a goal of students'' involvement and engagement decisions. 22, 23 Collectively, this suggests that understanding students' participation in particular activities, the extent to which they devote time to particular activities, and the long-term, post-graduation benefits of such temporal commitments, are a potentially fruitful place for scholarly investigation.
Methodology

Data and Sample
Data used in this study were collected as a part of a larger, National Science Foundation (NSF) funded study, titled Project to Production: Conditions and Processes for Educating the Engineer of 2020 (P2P). The broad purpose of the P2P study was to investigate curricular, instructional, and organizational practices that facilitate the development of expert engineers. In full, engineering alumni from 30 ABET accredited four-year institutions were surveyed. Each of the 30 institutions included in the sample offered engineering programs in at least two of the following sub-disciplines: bio-medical/bio-, chemical, civil, electrical, general, industrial, or mechanical engineering.
The engineering alumni included in the sample consisted of graduates who were conferred degrees in one or more of the engineering disciplines mentioned above following the 2005-2006 academic year. Data collection, which occurred in 2009, marked approximately three years since the graduation date of the alumni included in the sample. Measuring post-graduation outcomes of engineering alumni three years after graduation is consistent with other literature on engineering students' intentions and goals after graduation. 24 In full, 7,307 engineering alumni were invited to participate in the P2P study, and 1,403 alumni returned surveys to be included in the sample, yielding a response rate of approximately 19%. However, since some participants were missing data for the dependent variable, the effective sample size was 1,310 engineering alumni. This is explained further in later sections.
Descriptive statistics were calculated to ascertain the representativeness of the sample. Table 1 presents the results of the descriptive statistics and NSF published statistics for engineering degrees conferred in 2006, as well as indicators of the approximate representativeness of the sample. Results indicated that the effective sample was not representative of national statistics for engineering graduates as published by the American Society for Engineering Education (ASEE).
Measures
The outcome under investigation in this study was engineering alumni retention in their respective engineering sub-discipline after graduation. Engineering graduates reported the degree to which their professional work was related to the field for which they earned their undergraduate engineering degrees. Alumni responded that their current work was directly related, somewhat related, or not related to their undergraduate academic major(s). However, the outcome of interest was dichotomized in the interest of comparing all outcomes to the optimal outcome (i.e., employment in a job that is directly related to one's engineering major). This is explained in detail in later sections.
Explanatory variables consisted of independent variables and control variables. Control variables included students' academic major grade point average (GPA). The major GPA was included to The independent variables under investigation included students' participation in several high impact curricular and co-curricular practices in college (HIPs). Co-curricular HIPs included in this study included the number of months alumni spent in (a) undergraduate research, (b) engineering internships, (c) study abroad, (d) humanitarian engineering projects, and (e) student design projects. An additional covariate investigated in this study was the degree to which alumni were engaged in engineering clubs and professional organizations during their undergraduate careers.
Each covariate in this study was used to operationalize a particular HIP in engineering specifically. For example, alumni responses regarding the degree to which they were involved in engineering clubs and professional societies was used to operationalize the Kuh's conception of "common intellectual experiences." 7 Alumni responses regarding their participation in study abroad experiences were used to operationalize the Kuh's "diversity and global learning" practice. 7 Finally, co-curricular engineering design projects were used to operationalize Kuh's definition of collaborative projects.
7 Table 2 presents descriptive statistics of participation rates (i.e., how many participated), as well as central tendency measures for students' length of participation in months in each practice.
Analytical Procedure
Several steps were taken to prepare data for analysis. First, data were analyzed to determine both the amount and mechanism of missing data. Alumni who were either missing data for the dependent variable, or were missing more data for more than 20% of the survey items, were removed from the analysis. In total, 93 participants, or about 7% of the sample, were removed. Additionally, literature suggests that the amount and mechanism of missing data should guide methodological choices regarding how missing data are handled. 25 Since missing data were determined to be missing at random, expectation maximization (EM) was used to impute missing data. Various statistical packages utilize varying EM algorithms to impute missing data. In general, EM algorithms are "iterative procedures that produce maximum-likelihood estimates."
In Model 1 and Model 2, the outcome of interest was retention in engineering professionally after graduation, which was coded dichotomously: 1 for alumni whose work was directly related to their undergraduate engineering discipline, and 0 otherwise. Since the outcome of interest was dichotomous, two binary logistic regression models (i.e., logit models) were estimated in order to understand relationships between the outcome of interest and the explanatory variables.
In logit models the dependent variable represents the log of the odds ratio, which is continuous. That is, the probability of an event, p, can be can be represented in terms of an odds ratio. If p is the probability that an engineering alumni will have a job that is directly related to their undergraduate major, Equation 1 below gives the odds: 
However, since log-odds are not easily interpreted, raw coefficients are often transformed such that the combination of odds-ratios presented in Equation 3 represents the change in the odds of a particular outcome:
Odds-ratios greater than one represent an increase in the odds of an outcome relative to the baseline outcome. Conversely, odd-ratios less than one represent a decrease in the likelihood of an outcome relative to the baseline outcome.
Finally, several indicators of model fit were used to assess the four models. Likelihood ratio tests were used to compare nested models, and statistics, such as the McFadden's R-squared statistic, were observed to assess model fit. Each of these is detailed in the results section below.
Limitations
There were several limitations in this study. First, the relationship between alumni professional work and their undergraduate major (i.e., directly related, somewhat related, and not related) was the result of individual perceptions of their work in relation to their undergraduate major rather than a rigorously applied definition of the researcher. Given the subjective nature of alumni responses, it is possible that individual responses do not reflect a universally accepted notion of what it means to work in a position that is directly, somewhat, or not related to mechanical engineering, for example.
Second, while the use of three years post-graduation positions are consistent with other engineering education literature on post-graduation outcomes, this paper does not, and cannot, comment on alumni commitments to the field of engineering, or any pattern of movement during, or after, the three year period between graduation and survey administration. It is possible that some alumni left the field and intend to return. It is possible that some alumni have simply advanced to positions that require fewer engineering skills, and are thus perceived to be less related (i.e., somewhat or not related) to engineering (e.g., managerial positions). Again, responses were based on individual perceptions of relationships between an alumnus's professional work and their engineering degree.
While some attempts were made to account for outside influences, such as institutional difference and engineering sub-disciplinary difference, this does not account for all potential factors that may influence career outcomes. The framework employed in this study, wherein collegiate experiences are related to students' professional commitments and thus their professional outcomes, is not a framework typically employed to study the relationship between collegiate experiences and post-graduation outcomes. Other theoretical frameworks, such Social
Cognitive Career Theory (SCCT), consider factors that may inform career decision-making and choices, such as self-efficacy beliefs and outcome expectations, that go beyond the scope of the present study. 27 Still, the analysis in this paper, which was designed to explore relationships between undergraduate co-curricular experiences and post-graduation retention, is useful in that it provides some evidence for the efficacy of particular high impact practices for enhancing professional advancement in industry.
Finally, the survey used in this study ascertained student involvement in particular practices, as well as the length of time (i.e., in months) or degree of involvement (e.g., not involved, moderately involved, extremely involved). The survey did not ascertain information about the nature of student involvement. Simply put, not all HIPs are created equally, and some studies suggest that different types of engagement in particular HIPs may inform varying outcomes. For example, Strayhorn found that undergraduate researchers who were involved in data collection and analysis had higher degree aspirations than those who only wrote literature reviews. 28 Thus, understanding the varying nature of student involvement in particular HIPs is a critical area for future research.
Results
The two models (i.e. Models 1 and 2) offer various perspectives regarding how the results might be interpreted. Thus, the results section is divided to discuss both models.
Model 1 and Model 2: Dichotomous Outcome
Model 1 and Model 2 involved investigating the relationships between the dichotomized dependent variable and the independent variables of interest. Specifically, the dependent variable was coded 1 for alumni who worked in jobs that were directly related to their undergraduate major and 0 otherwise. This was done with the assumption that directly related work is the optimal career outcome and that all other outcomes should be measured against the optimal outcome. Model 1 differed from Model 2 in that in Model 1, the explanatory variables were dichotomized such that students who participated in a particular high impact practice (e.g., research, internships, etc.) for any length of time or with any degree of involvement were coded as 1 for that respective high impact practice. Conversely, in Model 2, the explanatory variables were continuous, representing the length of time, in months, that alumni participated in each high impact practice during their undergraduate career. Full results for Model 1 are presented in Table  3 below, and full results for Model 2 are presented in Table 4 .
Model 1 (Table 3 ) was estimated using a stepwise approach (Table 3 and Table 4 ). In Model 1a, dichotomous career outcome was estimated using only demographic (i.e., REM status and sex) and achievement (i.e., engineering program grade point average at college graduation) explanatory variables. Results indicated that both racial/ethnic minority status and sex were statistically significant predictors of post-graduation persistence in careers that are directly related to alumni baccalaureate degrees in engineering. Specifically, REM status was associated with a 24.2% (odds ratio = 0.758) reduction in the odds that an alumnus would hold a job that is directly related to their engineering degree. Moreover, women were 33% less likely to be employed in jobs that are directly related to their undergraduate engineering major (odds ratios = 0.670).
Results from Model 1b, wherein only dichotomous explanatory variables related to each high impact practice (e.g., research experiences, internships) were included, indicated that participation in co-curricular engineering design projects, as well as participation in engineeringrelated clubs and professional societies, were statistically significant predictors of postgraduation professional retention in engineering. Interestingly, though high impact practices are said to be beneficial to students from many backgrounds, model fit statistics indicated that the Akaike Information Criterion (AIC) for Model 1a (1,801.857) was smaller than that of Model 1b (1,814.666) , suggesting that the model with only demographic variables was a better fit than the model with only high impact practice variables.
The Full Model 1 (Table 3) , wherein all demographic and achievement variables, as well as the covariates related to high impact educational practices, were included, offered fairly consistent results with Model 1a and 1b. That is, sex and participation in engineering clubs emerged as statistically significant predictors of post-graduation persistence in engineering. Like Models 1a and 1b, participation in engineering clubs was associated with an increase in the odds of persistence (odds ratio = 1.321), while women were less still less likely than men to be employed in a job that was directly related to their major after accounting for participation in high impact practices (odds ratio = 0.660).
Model fit statistics for the Full Model 1 indicated that the inclusion of both demographic, achievement, and high impact practice related covariates resulted in a statistically better model than the null (i.e., intercept only) model ( ! 9, = 1,310 = 34.29, < 0.001), as well as Models 1a ( ! 6, = 1,310 = 13.57, = 0.035) and Model 1b ( ! 3, = 1,310 = 20.38, < 0.001).
Like Model 1, Model 2 (Table 4) involved investigating the dichotomized dependent variable. Since Model 2a used identical demographic and achievement variables as Model 1a, Models 1a and 2a are identical. However, Model 2b differed from Model 1b in that Model 2b investigated relationships using continuous covariates. In Model 2, explanatory variables related to alumni participation in high impact practices during their undergraduate career were continuous, indicated the length in months that each alumnus reported participating in each practice.
In Model 2b, wherein continuous explanatory variables were used to estimate engineering career outcomes, several variables emerged as statistically significant predictors. Like Model 1b, cocurricular engineering design projects (odds ratio = 1.027) and participation in engineering clubs and professional societies were related to increased odds of employment in jobs that are directly related to an alumnus' respective engineering major. However, the continuous nature of the explanatory variables offered additional interpretation. That is, prolonged participation in cocurricular engineering design project was associated with a 2.7% increase per month of participation in the odds of directly related employment, holding all other explanatory variables constant. Moreover, students who were moderately active in engineering clubs and professional societies were more likely to hold jobs that were directly related to their major than all other levels of activity in engineering organizations (see Table 4 ).
Like the Full Model 1, the Full Model 2 included all explanatory variables. While several statistically significant explanatory variables emerged in the Full Model, Model 2 was similar to Model 1 in that women were still significantly less likely to be employed in jobs that are directly related to their majors after accounting for the length of participation in high impact practices (odds ratio = 0.639), holding all other predictors constant. 
Discussion
Recall that the purpose of this study was to investigate the relationship between engineering graduates' participation in high impact educational practices while in college and their postgraduation professional work. Results from the present study suggest that, while some practices, such as engineering professional clubs and societies were significant predictors of whether or not a graduate would hold a job that is directly related to their engineering major, other commonly elevated high impact practices, such as research experiences, were not significantly related to post-graduation engineering employment, as measured in the present study. Moreover, gender disparities in post-graduation outcomes persisted, even after accounting for participation in high impact practices.
The methodological decisions in this study, as well as the interpretations of the study's results, were informed by two assumptions. The first assumption was that decisions regarding whether or not to participate in particular co-curricular activities represent some degree of interest in the activity, as well as the academic domain of the activity. The second assumption was that prolonged participation in particular co-curricular activities represent some degree of commitment to the activity, and thus, to the domain in which the activity exists (i.e., engineering).
Given that research has consistently found that engineering degree attainment alone does not imply an intent to pursue engineering professionally these assumptions are critical to framing and interpreting the findings of this study. 29 If, as the guiding theoretical framework suggests, task selection and engagement are indicative of some degree of interest in, motivation for, and commitment to a particular task, then selection of high impact practices in engineering, involvement and engagement in those practices as a student, and degree conferral in engineering, implies some degree of interest in, motivation for, and commitment to engineering above and beyond degree conferral alone. [21] [22] [23] If this is true, then there is a straightforward explanation for the fact that engineering clubs and professional societies, as well as co-curricular engineering design projects, in particular emerged as a statistically significant predictors of post-graduation employment in directly related engineering jobs. Research on engineering career decision-making has suggested that, given the difficulty of transferring engineering credits to other academic disciplines and the lengthy timeto-degree of engineering fields, some students complete engineering degree while wavering, or altogether abandoning, professional engineering pursuits. 6, 29 However, the nature of co-curricular engineering design projects and engineering clubs and professional societies suggest a commitment to engineering above and beyond simply completing academic requirements for degree conferral.
Additionally, that disciplinary specific (i.e., engineering-related) clubs and organizations were statistically significant predictors of career outcomes was not surprising if it is assumed that participating in a professional organization represents some degree of professional interest and commitment. Moreover, that some co-curricular practices emerged as statistically significant predictors of career outcomes only when the length of participation was considered is consistent with research on engineering career decision-making, student involvement literature, and scholarship on student engagement. 7, 21, 29 That is, if it is assumed that lengthier participation is related to greater interest in, and commitment to, the activity specifically, and the domain of the activity broadly, then Astin's theorized relationship between time expenditures and interests, goals, and outcomes holds even for engineering, where students often complete degrees with little or no intention of pursuing engineering professionally. 19, 29 The two assumptions mentioned above also underscore the need for research on students' pathways from engineering degrees to, and through, industry. Extant literature has suggested that in order to address gender disparities in the engineering workforce, institutions of higher education must facilitate the success of more women in engineering, as measured by the number of women who earn engineering degrees. 30 Results from this study indicate that, taken alone, the odds that women will hold jobs that are directly related to their engineering degree are significantly lower than their male counterparts. At least for the women in this study, the problem was not degree attainment. Indeed, their inclusion in the study implied degree attainment had already occurred.
Moreover, even after accounting for their participation in high-impact educational practices in engineering, which is assumed to represent some degree of interest and commitment, the difference in odds-ratios between men and women remained relatively unchanged across the models. Findings in this study suggested that male and female engineering students may not share the benefits of participating in high impact educational practices in engineering equally, refuting the claims in Kuh's report. 7 This reality is startling considering that much of the literature on women in engineering assumes that degree attainment will cure gender disparities in industry. This underscores a potentially rich place for future research. For example, future research might investigate students' reasons for engaging in high impact educational practices, and whether sex-based patterns emerge. Moreover, future research might investigate students' experiences in high impact educational practices and whether sex-based differences might explain the differences post-graduation outcomes. Finally, since it is not clear, based on the results of this study, whether women's postgraduation pathways out of engineering begin in college or in industry, more must be known about why women fail to enter, choose to leave, or are pushed out of, the industry for which they are academically and professionally trained. Focusing future research and interventions on women's pathways into industry may go a long way to solving gender disparities in engineering industry.
